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Abstract: We overview how the novel electronic structure of dilute nitride alloys modifies the 
gain characteristics of GaInNAs lasers. Optimised devices should have comparable or better 
characteristics than I&’-based emitters, enabling GaAs-based 1.3 pm vertical emitting lasers. 
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1. Introduction 
When a small fraction of arsenic is replaced by nitrogen in GaNxAsl,. the energy gap decreases rapidly, by about 
0.1 eV per % of N for x <- 3%. This extreme alloy behavior is of interest both from a fundamental perspective, and 
also because it opens the possibility to achieve optical emission at 1.3 pm and beyond on a GaAs substrate. In this 
paper we address several issues related to th is  novel behavior: 
1) What is the origin of the strong band-gap bowing? 
2) Can we use simple models to describe th s  extreme band-gap bowing, and what do they predict about the gain 
characteristics of ideal dilute nitride lasers? 
3) How do the characteristics of actual devices compare with theory? 
4) Does the incorporation of N lead to any intrinsic differences between dilute nitride and conventional quantum 
well (QW) lasers? 
2. Results and analysis 
Shan et al. demonstrated that the reduction in GaNxAsl, energy gap is due to an interaction between the conduction 
band edge and a higher-lying band of localized nitrogen resonant states [l]. Their band-anti-crossing (BAC) model 
is consistent with a wide range of data but has been questioned by theoretical studies which used the pseudopotential 
method to carry out a detailed study of the lower-lying conduction band states in GaNxAsl, supercells [2]. Using the 
tight-binding method, we have confirmed that N forms a resonant defect level above the conduction band edge. The 
conventional k p  model must therefore be modified to include two extra spin-degenerate nitrogen states, giving a 
10-band k p  Hamiltonian to describe the band structure of GaInNAs/GaAs and related heterostructures [3]. 
Fig. 1 compares the calculated and measured ground and excited state transition energies as a function of QW 
width for a series of GaNoolsAso982/GaAs QW structures [4]. The excellent agreement between theory and 
experiment supports the use of the 10-band k p  Hamiltonian. We have therefore used this Hamiltonian to investigate 
the gain characteristics of ideal GalnNAdGaAs laser structures. Fig. 2 shows the calculated sheet carrier density and 
radiative current density at transparency and at threshold, as a function of N content, x, in a series of 7nm single QW 
Gal,InyNxAsl.JGaAs devices designed to emit at 1.3 pm. Because the incorporation of N increases the conduction 
band mass in GaInNAs, the transparency and threshold carrier density increase with increasing x, but the radiative 
current density at threshold remains largely independent of x. Although the differential gain decreases with 
increasing N content, it still remains larger than that calculated for a conventional GdnAsP/InP 1.3pm laser, with 
the deeper GaInNAdGaAs QWs allowing better canier confinement at higher temperatures. We conclude that to 
maximize the dlfferential gain and minimize the carrier concentration, it is best to minimize the N composition, x, in 
the QW, subject to critical thickness constraints [5 ] .  
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By measuring the spontaneous emission from nOIInally operating -1.3 pm lasers we have quantitatively 
determined each of the current paths present in the devices. We find that defect-related recombination typically 
forms -55% of the threshold current at room temperature (RT), with a further 25% being due to nonradiative Auger 
recombination, and only -20% of the RT threshold current being due to radiative recombination [6]. Our results 
suggest that by eliminating the dominant defect-related current pa% the threshold current density would then be 
approximately halved at RT. Such devices would then have threshold current densities comparable to the best 
InGaAsPfinP-based lasers with the added advantages provided by the GaAs system that are important for vertical 
integration. 
Finally we note that the very rapid variation of energy gap with N content leads to an increased inhomogeneous 
broadening in GaInNAs compared to conventional QW structures. We also estimate that alloy scattering of electrons 
will be enhanced by up to two orders of magnitude compared to conventional III-V alloys [7]. There is evidence that 
these intrinsic effects lead to strong carrier localization, particularly at low temperatures (T <- 200 K) [4], similar to 
those observed in quantum dot lasers. The full consequences of these effects have still to be considered but they may 
for instance lead to increased spatial hole burning in GaInNAs edgeemitting lasers compared to conventional InP- 
based devices. 
Fig. 1.  Inset: Comparison of fitted (fu11 circles) and calculated (solid lines) transition energies in a series of G~No.o&so.ss~ 
QW structures, with the experimental data obtained from photoreflectance studies (main figure) 
Nitrogen -le fraction [%I 
Fig. 2. (a) Calculated sheet carrier density and @) radiative current density versus N content at transparency and at 
threshold for ideal 1.3 pn GaInNAdGaAs QW laser. 
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Fig. 3: Experimentally determined contributions of monomolecular (triangles), radiative (squares) and Auger (circles) 
recombination to the threshold current density as a function of temperature in a GaInNAs-GaAs single QW laser. 
4. Conclusions 
The large band-gap bowing in dilute nitride alloys enables their use for GaAs-based 1.3 pm vertical emission 
This bowing requires that we adopt a modified model to describe the electronic structure and gain characteristics of 
GaInNAs-based devices. The calculated differential gain and threshold carrier density of ideal dilute nitride 1.3 pm 
lasers are better than those of conventional InP-based devices, with the best characteristics obtained by minimal 
nitrogen incorporation. The room threshold current of existing devices is dominated by defect-related 
recombination If the defect-related recombination can be eliminated, optimized devices should then have 
comparable or superior characteristics to I+-based emitters, with the added advantages associated with growth on a 
GaAs substrate. 
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